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The performance of the eddy-resolving LICOM2.0 in simulating the Indonesian Throughflow has been evaluated against the 
INSTANT data in the present study. The mean vertical structures of the along strait velocities are simulated well in LICOM2.0, 
but the large velocities at the bottom of the Lifamatola Passage and the Timor Passage cannot be reproduced by LICOM2.0. The 
causes are considered to be both the errors in the topography and the tidal mixing at the bottom. Despite several biases in the 
mean velocities, the mean inflow and outflow volume transports in LICOM2.0 are almost identical to the INSTANT data. Com-
pared with the lower resolution LICOM, the most significant improvement is the better simulation of the partitions of the inflow 
and outflow transports in individual straits. The outflow for low-resolution LICOM is mainly through the Ombai and Lombok 
Strait, whereas that for LICOM2.0 is mainly through the Timor Passage. The variability of the vertical structure of velocities and 
the volume transport are also investigated. LICOM2.0 overestimates the magnitude of the upper-layer currents and the amplitude 
of the variation. We also found that the largest correlation coefficient occurs in the shallowest strait, the Lombok, whereas the 
lowest occurs in the Timor Passage, especially in the upper layer. The latter may be caused by the unrealistic transport through the 
Torres Strait in LICOM2.0. 
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The Indonesian Throughflow (ITF), which was first men-
tioned by Wyrtki [1], is the current system connecting the 
tropical Pacific Ocean and Indian Ocean through the Indo-
nesian Seas. Existing studies have shown that the ITF plays 
an important role in the volume, heat and salinity exchange 
between the Indian and Pacific Ocean on timescales from 
intraseasonal to interannual [2–4]. The ITF also has signifi-
cant effects on the tropic climate [5,6]. As part of the low- 
latitude western boundary current (LLWBC), the ITF has a 
close relationship with the western boundary current system 
and the South China Sea Throughflow [7,8]. However, the 
lack of sustained direct measurements limits our under-
standing of the ITF to a great extent. Before 2000, knowledge 
regarding the ITF was limited. The magnitude of the annual 
mean transport of the ITF is believed to be between 0 to  
30 Sv [2] as controlled by the wind over the Southern Pacific 
Ocean based on the Island Rule [9]. Evidence of variability 
on the seasonal and interannual time-scales has also been 
discussed [3], but the characteristics of this variability are 
not clearly known without the long-term monitoring of the 
major straits. Recently, an international program, the Inter-
national Nusantara Stratification and Transport (INSTANT), 
conducted a 3-year-long study from 2004 to 2006 in the five 
major straits or passages in the Indonesian Seas [10]. These 
measurements of the velocities, temperatures and salinities 
not only help us to understand the ITF but also provide an 
excellent observational reference for the evaluation of nu-
merical models. 
Because of the lack of systematic observations, numeri-
cal ocean models have been used effectively to estimate the 
 Feng X, et al.   Chin Sci Bull   December (2013) Vol.58 No.35 4505 
mean circulation [11–13], to understand the physical pro-
cesses [14] and to study the effects of the ITF on the climate 
[5,6]. However, to realistically resolve the narrow straits or 
passages in the Indonesian Seas, relatively high horizontal 
resolution is required. Moreover, because the ITF is be-
lieved to be part of the thermohaline circulation, a model 
with global coverage is also required. Both the high resolu-
tion and the global domain lead to extremely large compu-
tational resources and therefore cost. Alternatively, high- 
resolution ocean general circulation models have been used 
to study the ITF [11–13,15]. For now, the ITF has become 
an essential metric for high-resolution model evaluation, 
and model validation is an indispensable step before using 
any model to study the mechanism of the ITF.  
Gordon and McClean [11] found that North Pacific water 
is well simulated in the Makassar Strait in a 1/6 global 
ocean model against the Arlindo CTD data (a joint oceano-
graphic research endeavor of Indonesia and the United 
States), although the sill in the strait is shallower than that 
observed. However, the water of the eastern route of the ITF 
is too salty. The model also produces a weak volume transport 
from the Pacific to the Indian Ocean. Liu et al. [12] evalu-
ated an eddy-permitting ocean model (1/2), the LASG/IAP 
Climate system Ocean Model version 1.0 (LICOM1.0) [16], 
for simulation of the ITF. This model is also the previous 
version of the model in this study. By using the XBT data 
from the IX1 section, the simulated annual mean volume 
transport and its seasonal and interannual variability could 
be carefully investigated. The authors found that the parti-
tion of the volume transport in outgoing straits has signifi-
cant biases, although the net transport was well simulated. 
Recently, a 1/12 global version of the HYbrid Coordinate 
Ocean Model (HYCOM) was compared with the INSTANT 
data in the vertical structure of the along-channel velocities, 
the seasonal variability and interannual variability [13]. Alt-
hough the resolution is the highest that can be expected in 
the climate research, shortcomings still exist, such as incor-
rect partitioning between the western and eastern routes in 
HYCOM, etc. 
Recently, an eddy-resolving model was developed in 
LASG based on the early version of LICOM. A 20-year 
experiment has been conducted forced by the daily mean 
COREs heat and freshwater data and the QuikSCAT surface 
wind stresses. The purpose of the present study is to evalu-
ate the simulation of the ITF in this version of LICOM by 
using the INSTANT dataset. Two questions will be ad-
dressed: to what extent could the ITF be represented in an 
eddy-resolving model; and how may a high resolution ocean 
model be superior to a coarse resolution model? With these 
two questions in mind, a baseline comparison of the vertical 
structure of velocity and the volume transport with the 
INSTANT dataset was performed to validate the eddy-resolv-      
ing model. Because the array of the moorings is limited to 
the key straits (passages) of the ITF and because the shallow 
Torres Strait and Karimata Strait contribute less to the total 
transport, our validation also mainly focused on the five 
straits of the INSTANT program. 
1  Model, experiment and observation 
1.1  Model description and experiment 
Based on the LASG/IAP Climate system Ocean Model ver-
sion 2.0 (LICOM2.0) [17], a quasi-global (excluding the 
Arctic Ocean) eddy-resolving OGCM is built in LASG. The 
updates and improvements include the following: (1) The 
horizontal grids are increased to 1/10°. (2) The vertical lay-
ers are increased to 55 layers. The thickness of the first layer 
is 5 m. The upper 300 m has 36 uneven layers, and the mean 
thickness is less than 10 m. (3) The barotropic and baro-
clinic split methods are improved. (4) The parallel domain 
partition is changed from a one-dimensional (1D) Message 
Passing Interface (MPI) meridional split to a mixed two- 
dimensional (2D) MPI and Open MP. The Open MP paral-
lel algorithm is optimized.  
Additional changes include the following: (1) The model 
domain is from 66°N–79°S, and thus, the Arctic Ocean is 
excluded. (2) Biharmonic viscosity and diffusivity schemes 
are used at the horizontal directions in the equations of 
momentums and tracers (temperature and salinity), respec-
tively. Meanwhile, the parameterization of mesoscale eddies 
from Gent and McWilliams [18] is turned off in the equa-
tions of tracers. 
The eddy-resolving OGCM is spun up for 12 years from 
zero velocity, initialized from the observed temperature and 
salinity from the World Ocean Atlas 2005 (WOA05) [19,20] 
and forced by the climatological monthly wind stress and 
heat fluxes. The forcing data are from the Ocean Model 
Intercomparison Project (OMIP) [21], which is derived 
from ERA15 reanalysis data [22]. In addition, the simulated 
sea surface salinity (SSS) is restored to the climatological 
monthly SSS, also from WOA05 [20]. Because the northern 
open boundary is set at 66°N, the simulated temperature and 
salinity are restored to the climatological monthly tempera-
ture and salinity from WOA05, whereas the solid wall 
boundary condition is used for velocity. 
After the 12-year spin-up numerical simulations, the eddy- 
resolving OGCM is integrated for an additional 8-year pe-
riod starting from the end of the 12th year of the spin-up 
simulation. The model is forced by the daily QuikSCAT 
wind stress [23] from 2000–2007 and by surface heat and 
freshwater fluxes derived from COREs [24] during the same 
period. The detailed algorithm to calculate the turbulent 
surface fluxes can be found in Large and Yeager [24]. Be-
cause the sea ice model is not included in LICOM2.0, the 
sea ice concentration from the Hadley dataset [25] is used to 
calculate the surface fluxes. If the temperature of the sea-
water is below the freezing point (1.8°C), the temperature 
is restored to 1.8°C. The 8-year simulations are used for 
analysis in the present study. To compare with the observa-
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tions, the results of the same periods are chosen to calculate 
the annual mean and the “climatology” values. 
The basic performance of high resolution LICOM2.0 has 
been evaluated by Yu et al. [26]. The model not only better 
simulates the spatial-temporal features of mesoscale eddies 
and the paths and positions of western boundary currents 
than the previous version but also reproduces the large me-
ander of the Kuroshio Current and its interannual variability. 
The complex structures of equatorial Pacific currents and 
currents in the coastal ocean of China are also better cap-
tured due to the increased horizontal and vertical resolution. 
It is well known that the land-sea distributions and to-
pography are extremely complex in the Indonesian Seas. 
The ability of the model to depict the topography of these 
passages or straits, therefore, determines the ability of the 
model to simulate the circulation and transports in this re-
gion to a great extent. The model topography of LICOM2.0 
is derived from a 5-minute topography, the Digital Bathy-
metric Data Base 5-minute (DBDB5) from the U.S. Naval 
Oceanographic Office (gcmd.nasa.gov/records/GCMD_DB-    
DB5.html). Table 1 lists the observational and modeling 
depths of 10 key locations in this region along with the cor-
responding literature [4,27–30] from which the observa-
tional values come. The locations are also marked by solid 
red triangles in Figure 1. For locations greater than 25.5 m 
(5 model layers, which is also the minimum depth of the 
water column in LICOM2.0), the depths of the passages are 
underestimated by 5%–30%, except the Alor Strait, which is 
overestimated. The largest error occurs at the western end of 
the Timor Passage. The observational depth is 1890 m in 
Sprintall et al. [4] and approximately 700 m shallower in 
LICOM2.0. This error is also possibly the reason that the 
currents across the Timor passage are not well simulated. 
For locations with depths less than 25.5 m, such as the Torres 
Strait and the Karimata Strait, the depths of the straits are 
overestimated.  
1.2  INSTANT dataset 
Although a number of measurements in the Indonesian Seas 
have been undertaken since the 1980s [11,28,31–36], the 
data are all of limited duration and locations. Most im-
portantly, these observations have been conducted at dif-
ferent times. Thus, historical data cannot provide an integral 
view of the ITF and are not suitable to validate numerical 
models. A multi-national program, the International Nusan-
tara Stratification and Transport (INSTANT), was conducted 
from December 2003/January 2004 to November/December 
2006 [37]. The hollow triangles in Figure 1 represent the 
locations of 11 moorings displaced in two inflow straits (the 
Makassar Strait and the Lifamatola Passage) and three out-
flow straits (the Lombok Strait, the Ombai Strait and the 
Timor Passage). The locations, periods and numbers of 
moorings in the five straits are also listed in Table 2. The 
full-depth velocity, salinity and temperature were first sim-
ultaneously measured for a 3-year-long period [10].  
Observations of different passages or straits have been 
documented in separate papers, such as Gordon et al. [38] 
for the Makassar Strait, Van Aken et al. [39] for the Lifam-
atola Passage and Sprintall et al. [4] for the three outflow 
passages. The INSTANT dataset provides an opportunity to 
resolve intraseasonal to interannual variability in the ITF, in 
the vertical structure of the transport and the volume budget 
of the Indonesian Seas. To evaluate the large-scale general 
circulation, the monthly mean velocities derived from the 
original two-minute mean measurements by the 11 moor-
ings are used in the present study.  
The velocity data set from each mooring is first averaged 
to a time step of 1 hour and then vertically interpolated at  
10 m intervals in the upper 350 m and 100 m intervals be-
low 400 m at each time step. The ADCPs and most current 
meters have pressure sensors, and the depths of those that 
do not are calculated from the neighboring sensor. Signifi-
cant gaps occur in the velocity time series for Lombok West, 
Timor Sill and Timor Ashmore [4]. Therefore, we choose a 
mean state strait structure by averaging the hourly data of 
all the moorings in a definite strait to evaluate the velocity 
structure and the current variability, and a data gap of one 
mooring could not significantly affect the mean structure.  
The volume transport data at the three outflow passages 
are adapted from Sprintall et al. [4] (downloaded from the 
home page of INSTANT). As to the Makassar Strait and  
Table 1  The depths of key straits in the Indonesian Seas for observation and LICOM2.0 a) 
Strait or passage Observation (m) LICOM (m) References 
Makassar Strait (Dewakang Sill) 680 539 [27] 
Lifamatola Passage 1940 1673 [28] 
Lombok Strait 300 240 [27] 
Alor Strait (upstream of Ombai Strait) 1450 1673 [29] 
Wetar Strait (upstream of Ombai Strait) 2450 2288 [4] 
Leti Strait (northern end of Timor) 1250 1177 [4] 
Western end of Timor Passage 1890 1177 [4] 
Torres Strait (Arafura Sea) <10 25.5 [30] 
Karimata Strait (South China Sea-Java Sea connection)  25.5  
Halmahera Sea Passages 580 539 [27] 
a)  The observation values are all from the literature. All of the locations are marked by red solid triangles in Figure 1. 
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Figure 1  The topography in LICOM2.0 (Units: m). The 200 and 2000 m isobaths are shown by dashed lines and solid lines. The red solid triangles indicate 
the locations for which the depths have been observed (Table 1). The red hollow triangles indicate the observation sites of INSTANT (Table 3). The red and 
black lines represent the sections for which we compute the volume transports for LICOM2.0. The red lines represent locations that have been observed during 
INSTANT, whereas the black lines indicate locations that were not observed. The route of the ITF is also schematically shown following Gordon et al. [38].  
Table 2  Detailed information regarding INSTANT moorings in the five straits of the Indonesian Seas 
Strait or passage Number of mooring Location Depth (m) Period 
Makassar Strait 2 
2°51.9′S, 118°27.3′E 2147 18 Jan 2004–27 Nov 2006 
2°51.5′S, 118°37.7′E 1613 18 Jan 2004–27 Nov 2006 
Lifamatola Passage 1 1°49.1′S, 126°57.8′E 2019 26 Jan 2004–4 Dec 2006 
Lombok Strait 2 
8°26.4′S, 115°45.6′E 921 9 Jan 2004–15 Jun 2005 
8°24.1′S, 115°53.9′E 1144 10 Jan 2004–16 Dec 2006 
Ombai Strait 2 
8°24.1′S, 125°0.2′E 1329 4 Jan 2004–6 Dec 2006 
8°32.0′S, 125°3.9′E 3224 8 Aug 2003–7 Dec 2006 
Timor Passage 4 
11°9.8′S, 122°46.8′E 741 1 Jan 2004–12 Dec 2006 
11°16.5′S, 122°51.9′E 1890 31 Dec 2003–12 Dec 2006 
11°22.1′S, 122°57.6′E 1386 30 Dec 2003–12 Dec 2006 
11°31.7′S, 122°58.4′E 902 30 Dec 2003–12 Dec 2006 
 
Lifamatola Passage, we assume a horizontally homogene-
ous flow through these two straits. Two mooring points in 
the Makassar Strait are laterally interpolated to the sidewalls, 
and the single observation point in the Lifamatola Passage 
is representative of the entire section. Subsequently, the 
volume transport is calculated by integrating the gridded 
velocity from top to bottom. In addition, the Lifamatola 
volume transport used in this study is integrated from 1250 m 
to the bottom because the velocity below this depth is well 
resolved without interruptions. 
2  Results 
2.1  Velocities 
The vertical structures of transport and velocity in the main 
ITF channels, their variability and how ENSO-associated 
climate signals can influence them have recently been exten-
sively studied [4,40,41]. To examine the simulated velocity 
structures and variability in the five principle straits, the 
mean meridional velocity (in the Makassar Strait, Lifam-
atola Passage and Lombok Strait) and zonal velocity (in 
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Ombai Strait and Timor Passage) are compared between the 
LICOM2.0 monthly mean output data and the INSTANT 
observations. Figure 2 shows the annual, February and Au-
gust mean velocities of the five straits. We average the 
mooring measurements in each strait if there are more than 
one mooring. The model data are first interpolated to the 
mooring locations and then averaged, as with the observa-
tions.  
The velocities in the Makassar Strait are thermocline in-
tensified with a maximum southward velocity of 0.6 m/s 
near 150 m (Figure 2a1). This type of vertical structure is 
believed to be due to the low-order baroclinic modes, which 
tend to cancel the barotropic response at depth [42]. The 
vertical profile of the meridional velocity is well simulated 
in LICOM2.0 except the slightly larger southward maxi-
mum below the surface. In INSTANT, the velocities in the 
upper 150 m have significant seasonal variability, with weak 
currents in boreal winter and strong currents in boreal sum-
mer, whereas below the surface layer, the variability is weak. 
LICOM2.0 greatly overestimates the seasonal variability in 
the surface layer, especially in August. The simulated sur-
face southward velocity can reach 0.9 m/s, whereas the ob-
served velocity is only 0.3 m/s, which also causes the large 
southward current in the annual mean in LICOM2.0. 
In contrast, the flow through the Lifamatola Passage is 
characterized by bottom intensification (Figure 2b1). The 
exchange of Pacific water with Indonesian Seas mainly oc-
curs in Makassar Strait. However, the Dewakang Sill, at the 
southern end of Makassar Strait, is only 680 m in depth. As 
a result, Lifamatola Passage becomes the pathway for deep 
ventilation between  the Pacific and Banda Sea. Below 
1200 m, the velocities increase with depth. A meridional 
velocity of 0.25 m/s can be found at the bottom. LICOM2.0 
simulates a completely different profile: the large southward 
occurs between 400 and 1300 m; below 1300 m the velocity 
quickly decreases to zero with depth. The strong (weak) 
southward currents appear in February (August). Because 
there is no observation above 300 m, we cannot evaluate the 
simulation at these depths. Metzger et al. [13] reported that 
the 1/12 HYCOM can reproduce the deep overflow well. 
There are two striking difference between LICOM and 
HYCOM: first is the vertical coordinate, z coordinate for 
LICOM2.0 and a hybrid coordinate for HYCOM; second is 
the tidal mixing process, which is considered in HYCOM 
and do not considered in LICOM. Aside from the topogra-
phy issue mentioned in the second section, the tidal mixing 
process is considered to be a most important physical pro-
cess in this region. The biases of the velocity profile in 
LICOM2, therefore, may partly relate to the missing the 
tidal mixing process. 
The Lombok Strait is the shallowest strait among the five 
straits. The strait is also surface-trapped, similarly to the 
Makassar Strait. The largest velocity occurs above 100 m 
and gradually decreases with depth. The simulated velocity 
profile is the same as that of the observations but with a 
slightly smaller magnitude below 100 m (Figure 2c1) be-
cause of the greatly reduced velocity during the boreal win-
ter. In February, the simulated surface currents even reverse 
northward, which cannot be found in the INSTANT data. 
The Ombai Strait is an important exit of the ITF. In 
INSTANT data, the large westward flow is in the upper  
300 m and reduces below the surface layer to zero with 
depth (Figure 2d1). The shape of the profile is well simu-
lated by LICOM2.0 but with almost doubled magnitude in 
the upper 300 m. There is also a second westward flow 
maximum near 900 m in LICOM2.0 that cannot be found in 
the observation. The seasonal variability primarily occurs in 
the upper layer, with a weak westward current in February 
and strong westward currents in August (Figure 2d2 and 
2d3). This variability is related to the South Java Current. 
LICOM2.0 reproduces the correct phase of the seasonal 
variability of the surface currents but overestimates the 
magnitude, as in the Lombok Strait. In the boreal winter, the 
simulated surface currents even reverse, but the annual 
mean value is still a strong westward flow. Near 200 m, the 
westward current has weak seasonal differences in both the 
observation and the simulation, but the currents are overes-
timated for the entire year in LICOM2.0.  
Timor Passage is a narrow trench between the Timor 
land and Australian continental shelf and is the deepest 
strait among the five straits. The velocities in this passage 
show both a surface-trapped feature and a bottom-intensi-      
fied feature. The maximum westward currents (approxi-
mately 0.3 m/s) appear near 100 m and gradually decrease 
to less than 0.1 m/s between 400 and 1600 m. The eastward 
flow can be found below 1600 m, which means that Indian 
Ocean water enters the Indonesian Seas at bottom layer in 
the Timor Passage. Comparison between the annual mean 
and the monthly mean results indicates that the eastward 
currents mainly occur in the boreal summer. The surface- 
trapped feature is well simulated by LICOM2.0, but because 
the depth of the Timor Passage is much shallower than that 
in the observation, the bottom reverse cannot be simulated 
in LICOM2.0. This error may also possibly occur due to 
missing tidal mixing in LICOM2.0, as in the Lifamatola 
Passage. 
In summary, LICOM2.0 simulates the velocity profiles in 
the five straits fairly well, especially in the Makassar Strait, 
the Lombok Strait and the Timor Passage. The large biases 
mainly occur at the bottom of the Lifamatola Passage and 
the Timor Passage. Aside from the biases in the topography 
of LICOM2.0, the missing tidal mixing in LICOM2.0 may 
also be one of the important causes of the bottom biases. 
For the seasonal variability, the model captures the phase 
well: the strong currents from the Pacific to the Indian 
Ocean in the boreal summer and the weak currents in the 
boreal winter, though the amplitudes of the simulated cur-
rents are much overestimated. The reasons for the biases are 
not obvious and need further investigation.  
The INSTANT data cover a three-year long period, so  
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Figure 2  Vertical structures of the mean velocity at (a) the Makassar Strait, (b) the Lifamatola Passage, (c) the Lombok Strait, (d) the Ombai Strait, (e) the 
Timor Passage for INSTANT (solid) and LICOM2.0 (dash). The left, middle and right panels represent annual, February and August mean profiles, respec-
tively. The five straits are represented with different colors: Makassar Strait (brown), Lifamatola Passage (orange), Lombok Strait (green), Ombai Strait 
(blue) and Timor Passage (red).  
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we also present the entire time serials in this study to evalu-
ate the long-term variability. Figure 3 shows the observed 
and simulated currents at 50, 150, 350 and 750 m from 2004 
to 2006, respectively. Because strong bias and missing data 
are found in these layers in the Lifamatola Passage, only 
four straits are shown. To evaluate the model more qualita-
tively, the mean values and the standard deviations for both 
INSTANT and LICOM2.0 are shown in Table 3, and the 
correlation coefficients between the observation and the 
simulation are presented in Figure 3 with different colors 
for different straits.  
At first glance, the amplitudes of the variability decrease 
with the depth. This trend can also be found in the simula-
tion, but the amplitudes of the model are much larger than 
that of the INSTANT data, especially in the Makassar Strait, 
in which the model simulates much larger southward cur-
rents in the boreal summer. LICOM2.0 has simulated strong 
currents and variability in the upper two layers in almost all 
straits, except the Timor Passage (Figure 3 and Table 3). 
The large correlation coefficients indicate that the variabil-
ity is also fairly well simulated in the three straits (the Ma-
kassar Strait, the Lombok Strait and the Ombai Strait), 
while there is almost no correlation between the INSTANT 
data and the LICOM2.0 simulation in the first two layers of 
Timor Passage. It is interesting that the correlation coeffi-
cients in the lower layers become large. As we will show 
below, the transport of the Torres Strait is largely overesti-
mated in LICOM2.0. Therefore, the variability of the sur-
face layer of the Timor Passage may be dominated by the 
signals propagating from the tropic Pacific Ocean through 
the Torres Strait instead of the local wind and the propaga-
tion from the Banda Sea as in the observation. 
2.2  Volume transport  
Aside from the velocity itself, volume transport is also a 
common metric to evaluate the ITF. The mean transport 
between the Pacific Ocean and the Indian Ocean was once 
thought to be driven by the pressure gradient between the 
two oceans [1,43]. In the early days, the observation values 
range from 0 to 30 Sv [2]. During the past 10–15 years, the 
volume transport has been believed to be approximately  
 
Figure 3  The monthly mean velocities for INSTANT (solid) and LICOM2.0 (dash) at (a) 50 m, (b) 150 m, (c) 350 m, (d) 750 m velocity at four straits, the 
Makassar Strait (brown), Lombok Strait (green), Ombai Strait (blue) and Timor Passage (red). Numbers in the top are correlation coefficients between 
INSTANT and LICOM2.0 with seasonal signal removed.  
Table 3  The period mean and the standard deviation of the monthly mean velocity for both INSTANT and LICOM2.0 at 50, 150, 350 and 750 m 
Strait or passage  50 m 150 m 350 m 750 m 
Makassar Strait Obs. 0.46±0.17 0.56±0.08 0.26±0.09 0.05±0.06 
 Model 0.75±0.37 0.81±0.10 0.21±0.18 0.04±0.04 
Lombok Strait Obs. 0.46±0.32 0.21±0.10   
 Model 0.49±0.59 0.25±0.15   
Ombai Strait Obs. 0.15±0.13 0.22±0.11 0.09±0.09 0.02±0.08 
 Model 0.22±0.20 0.43±0.25 0.04±0.07 0.06±0.07 
Timor Passage Obs. 0.25±0.12 0.15±0.05 0.06±0.04 0.04±0.04 
 Model 0.22±0.10 0.17±0.06 0.04±0.06 0.09±0.05 
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10–15 Sv based on both observations [37] and theoretical 
estimation [9]. The values are thought to have become more 
reliable as the data quality has improved [44]. The model 
simulations are also within the range of the observation 
[11–13]. Table 4 shows the annual mean volume transport 
for LICOM2.0 and INSTANT observation in the five pri-
mary straits. Because of space limitations, the results from 
LICOM1.0 [12] and HYCOM [13] are not shown. Please 
refer to [12] and [13] for details. 
The sums of the transports of the two inflow straits (the 
Makassar Strait and Lifamatola Passage) and the three out-
flow straits (the Lombok Strait, the Ombai Strait and the 
Timor Passage) are considered to be the total inflow transport 
and the total outflow transport, respectively. Both the inflow 
and outflow transports have been well simulated in LICOM2.0. 
For the inflow transports, there are only 0.1 Sv different 
between the simulation and the observation, 14.0 Sv for 
LICOM2.0 and 14.1 Sv for INSTANT observation. For the 
outflow transport, both LICOM2.0 and INSTANT are 15.0 
Sv. With regard to each individual strait, the Lombok Strait 
is best simulated, with 2.7 Sv for LICOM2.0 and 2.6 Sv  
for INSTANT. The biases of the other four straits are can-
celed out each other. The transports of the Makassar Strait 
and the Timor Passage are overestimated, whereas the trans-
ports of the Lifamatola Passage and the Ombai Strait are 
underestimated.  
In the coarse or medium resolution models, the most ev-
ident bias is the distribution of the total transport in the 
straits, although the magnitudes of the total transport are 
well simulated [11,12]. Both Gordon et al. [11] and Liu et al. 
[12] have shown an extreme large transport (exceeding 30% 
of the total outflow transport) through the Lombok Strait, 
but the INSTANT only observed 17% of the total outflow 
transport within the Lombok Strait. So the partition of the 
outflow transport for LICOM2.0 is greatly improved. The 
southward transport of Lombok Strait for LICOM2.0 is only 
2.7 Sv, which is close to INSTANT value, 2.6 Sv. Further-
more, the ratio of the transport of the Lombok Strait to the 
total outflow transport for LICOM2.0 is approximately 18%, 
near the 17% for INSTANT. Although there is large uncer-
tainty for the Lifamatola Passage in INSTANT, the partition 
of the inflow straits is also significantly improved. The ratio 
of the transport through the Makassar Strait against the total 
incoming transport increases from approximately 60% (the 
total volume transport is assumed 12.8 Sv) for LICOM1.0 
to 77% for LICOM2.0. HYCOM has the same type of im-
provement, too. These results indicate that the horizontal 
resolution is crucial for the partition of the transports. 
An approximately 1 Sv imbalance between inflow and 
outflow in the INSTANT data and the LICOM2.0 simula-
tion exists. That imbalance inspires us to find the contribu-
tion of other pathways to the total ITF, which are excluded 
from the INSTANT field program. Because there are no 
simultaneous measurements at the other straits or passages 
during the INSTANT period, the results from LICOM2.0 
are compared with the previous observations and/or the re-
sults from HYCOM. The transports through the Karimata 
Strait, the Maluku Strait, the Halmahera Strait, the Torres 
Strait and three narrow straits within the Nusa Tenggara 
Archipelago (the Sunda Strait, the Sape Strait and the Alor 
Strait) are computed. The former four straits contribute to 
the inflow transport and the later three to the outflow. The 
total incoming transport through other straits is 6.4 Sv, and 
the outgoing transport is 1.8 Sv. Notice that the transport 
through the Lifamatola Passage is also included in the sum 
of transport through the Maluku and the Halmahera Strait.  
Table 4  The volume transport of five INSTANT straits and seven small straits for INSTANT, LICOM2.0, LICOM1.0 and HYCOMa) 
Strait or passage 
Location 
(Latitude/Longitude) 






Makassar Strait 2.9S/116.4–118.8E 1673 11.6(11.3/11.6/11.8) 10.8(9.4/10.9/12.0) 
Lifamatola Passage 1.8S/126.2–127.3E 1966 2.5(2.1/2.6/2.7) 3.2(2.3/4.6/2.7) 
Total inflow   14.1 14.0 
Lombok Strait 8.4S/115.6–116.2E 675 2.6(2.0/2.3/3.4) 2.7(2.5/2.3/3.3) 
Ombai Strait 8.4–8.9S/125E 2288 4.9(4.7/5.8/4.3) 3.1(2.8/4.1/2.5) 
Timor Passage 10.4–16.3S/124E 1410 7.5(7.3/7.6/7.6) 9.2(8.6/10.3/8.9) 
Total outflow    15.0 15.0 
Karimata 2.2S/106.2–110.1E 42 – 1.1 
Maluku 1N/125–127.4E 2637 – 2.5 
Halmahera 0.9S/127.8–130.6E 1410 – 1.2 
Torres 9.2–11.9S/142E 25.5 – 1.6 
Total inflow    – 6.4 
Nusa Tenggara  
archipelago 
Sunda 5.8–6.4S/105.7E 31 – 0.3 
 Sape 8.6S/119.1–119.8E 110 – 0.9 
 Alor 8.4S/123–125E 126 – 0.6 
Total out flow   – 1.8 
a) The locations and depths of the sections at which the volume transports are computed are also shown. Note that the integrated depth of the Lifamatola 
Passage is from 1250 m to the bottom for INSTANT.  
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Therefore, overall, there is near balance in the Indonesian 
Seas in LICOM2.0 during 2004–2006, with 17.2 Sv for in-
flow and 16.8 Sv for outflow. HYCOM also has an ap-
proximately 0.4 Sv imbalance during that time, which indi-
cates that the 1 Sv imbalance comes from the other straits, 
which are not considered in the INSTANT program. 
Observation-based transport estimations in Karimata 
Strait reported by Wyrtki [1] were 4.5 Sv in winter toward 
the Java Sea and 3 Sv in summer toward the South China 
Sea (SCS). Based on current data from 13 January to 12 
February 2008 in Karimata Strait, Fang et al. [45] gave a 
mean winter volume transport of 3.6 Sv from SCS to the 
Indonesian Seas. The annual mean transport is about 0.75 
Sv [1]. The simulation of LICOM2.0, 1.1 Sv, is close to 
the observational value. However, the transport through the 
Torres Strait is much more overestimated in LICOM2.0, 
just as that for LICOM1.0. The observed annual mean 
transport is approximately 0.01 Sv [30], whereas the transport 
is 1.6 Sv for both LICOM2.0 and LICOM1.0, which leads 
to large transport in the Timor Passage and the great effect 
of Pacific winds on its variability, as mentioned before. 
The transports in the Indonesian Seas also have seasonal 
to interannual time-scale variability. The monthly climatol-
ogy full-depth transport of the five straits for both the ob-
servation and the simulation are shown in Figure 4. The 
Makassar, Lifamatola and Ombai Strait all show significant 
semiannual variability in INSTANT data. However, the 
Makassar Strait displays a different phase from the other 
two straits: the maximum southward transport occurs in spring 
and fall. The Lombok Strait and Timor Passage are domi-
nated by the annual cycle. However, LICOM2.0 almost 
cannot capture the semiannual signal, especially in the Ma-
kassar and the Ombai Strait. As Clarke and Liu [46] sug-
gested, the semiannual signal is propagated from the equa-
torial Indian Ocean. The variability of winds over the tropic 
Indian Ocean should be investigated further. Another large 
bias occurs in the Timor Passage. The transport in the boreal 
spring has been extremely overestimated in LICOM2.0, which 
is related to the overestimation in the Torres Strait.  
The time series of monthly mean transport for the five 
straits are shown in Figure 5. The correlation coefficients 
between the observations and the simulations over the 
INSTANT period are also shown in the figure. It is clear that 
the model tends to simulate large amplitudes of variability, 
which is also found in the velocities (Figure 3). Because the 
measurements of the upper layer have been missing, the 
amplitude of the transport in the Lifamatola Passage is fair-
ly small in INSTANT. In terms of the variability, the shal-
lowest strait, Lombok, has the best results (0.78). The cor-
relation coefficient of the Timor Passage is the smallest of 
the straits (0.39), just above the critical value (0.34) of the 
significant test. The large discrepancies occur during the 
boreal spring season in Timor Passage, when there are large 
transports from the tropic Pacific through the Torres Strait. 
Despite an unrealistic vertical structure and the large am-     
 
Figure 4  The monthly mean climatology of volume transports for 
INSTANT (solid) and LICOM2.0 (dash) at the Makassar Strait (brown), 
Lifamatola Passage (orange), Lombok Strait (green), Ombai Strait (blue) 
and Timor Passage (red). 
plitude simulated in Lifamatola Passage, the phase of inter-
annual oscillation of depth-integrated transport agrees well 
with observations (Figure 5). 
Because 2004–2006 are considered normal years [38], 
there is no evident large interannual variability in the ob-
served volume transports. However, Gordon et al. [37] re-
ported increasing transport during those three years in the 
Makassar Strait. That type of trend also can be found in 
other straits, except the Ombai Strait (Table 4). However, 
such a trend cannot be found in LICOM2.0, except in the 
Makassar Strait. What causes the trend and why it cannot be 
simulated in LICOM2.0 both need further investigation. 
3  Concluding remarks 
In the present study, the performance of the eddy-resolving 
LICOM2.0 in simulating the Indonesian Throughflow (ITF) 
has been evaluated against the INSTANT data. The INSTANT 
program is an international field program that provides the 
first continual simultaneous observation of the five major 
pathways of ITF for a 3-year period (2004–2006). In this 
study, only the velocities and the volume transports are val-
idated. 
The three-year mean vertical structures of the along strait 
velocities are simulated very well in LICOM2.0. The large 
discrepancies mainly occur in the Lifamatola Passage, in 
which the bottom-intensify feature cannot be captured by 
LICOM2.0. The reverse currents at the bottom of the Timor 
Passage also cannot be found in LICOM2.0. These biases at 
the bottom layer are close related with the depth of the sill 
in the two passages. LICOM2.0 tends to underestimate the 
deep strait or passage. In addition to the topography, the 
weak bottom currents in LICOM2.0 may be partly due to 
missing the tidal mixing process, which is believed to be an 
important mixing process in the Indonesian Seas. Despite 
some biases in the mean velocities, the mean inflow and 
outflow volume transports in LICOM2.0 are almost identical  
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Figure 5  The monthly mean volume transports for INSTANT (solid) and LICOM2.0 (dash) at the Makassar Strait, Lifamatola Passage, Lombok Strait, 
Ombai Strait and Timor Passage. The correlation coefficients between INSTANT and LICOM2.0 are also shown in each panel.  
to the INSTANT data. Because many small straits are ex-
cluded from the INSTANT, there is 1 Sv imbalance be-
tween the inflow and outflow transport. The investigation of 
the transport through other straits also suggests this guess.  
The variability of the vertical structure of velocities and 
the volume transport are also investigated. LICOM2.0 sim-
ulates the correct phase of the seasonal cycle: large (small) 
transport from Pacific to Indian during the boreal summer 
(winter). However, LICOM2.0 overestimates the magnitude 
of the surface currents, as well as the amplitude of the sea-
sonal variation. The strong surface currents would lead to 
large heat transport in LICOM2.0 (not shown), but the rea-
son for the strong surface currents and large amplitude is 
not clear. In addition, the semiannual signals in the Makas-
sar Strait, the Lifamatola Passage and the Ombai Strait al-
most cannot be reproduced. There is no evident event in the 
interannual time scale during this period, but we still show 
the entire monthly time serial in the present study. Aside 
from the large amplitude of the variation in LICOM2.0, the 
shallowest strait, Lombok, is best simulated the monthly 
variation in LICOM2.0. However, the unrealistic transport 
through the Torres Strait leads to lowest correlation coeffi-
cient in the Timor Passage, especially in the upper 200 m.  
Compared with the lower-resolution LICOM1.0 [12], the 
most significant improvement is the better simulated parti-
tions of the inflow and outflow transports in individual 
straits. The outflow for LICOM1.0 is mainly through the 
Ombai and Lombok Strait and through the Timor Passage 
for LICOM2.0. The latter is close to the INSTANT obser-
vation. Although this accuracy in volume distribution is not 
the only merit of the high resolution, further systematic in-
vestigation should be conducted with the lower resolution 
LICOM1.0.  
In the present study, we only evaluated the velocities and 
volume transports. The temperatures and salinities were also 
measured in INSTANT. The preliminary analysis shows 
that the salty south Pacific water below the thermocline in 
the Banda Sea appears above 400 m, whereas in the obser-
vation [11], it can extend to as deep as 700 m (not shown). 
This bias may be related to biases in the vertical mixing. 
The simulated temperature and salinity will also be evalu-
ated in future work.  
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